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(54) SNUBBER ENERGY REGENERATING DEVICE 

(57)Abstract: 

PURPOSE : To make the voltage discharging time of snubber 
capacitors sufficiently short without increasing the currents of 
self-extinguishing elements by connecting a constant- current 
source between the anodes of a first and a second regenerating 
diode and the cathodes of a third and fourth regenerating 
diode. 

CONSTITUTION: A first and a second snubber circuit 
respectively composed of the serial circuits of snubber 
capacitors Csl and Cs2 and snubber diodes Dsl and Ds2, 
which are respectively connected in parallel with a first and a 
second self-extinguishing element Si and S2, are formed. Then 
a third and fourth snubber circuit respectively composed of the 
series circuits of snubber diodes Ds3 and Ds4 and snubber 
capacitors Cs3 and Cs4, which are respectively connected in 
parallel with a third and fourth self-extinguishing elements S3 
and S4, are formed. In addition, a constant-current source 
CSUP is connected between the first and second regenerating 
$0(0* diodes DR1 and DR2 of the first and second snubber circuits 
and the third and fourth regenerating diodes DR3 and DR4 of 
the third and fourth snubber circuits. Therefore, the energy of 
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the snubber capacitors CS1-CS4 can be regenerated. 
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CSUPJcm^^n^o ^>x>ifm/£Vc3=0 tt^tit 
r5T\ S^^^-f*— KDs3as«iiU, ^m^M 
CSUPcDm^ I Ofi, CSUP-^DR2->Ds2-»Ds3->DR3^CSU 

[0 0 5 2] ^S2 £S3 ^tytt^^^^^ 
^^■S2 ^^-^L, ^S4 a* 5 r3>^>-^ 

Cs460SJEVc4tdJ:or^^-— KDR3, Ds3, Ds4a^ 
ig^^T^^tb, m??fc 10 f±, CSUP-^DR2^Ds2-->S3 
-»S4 ~»Cs4-^DR4-»CSUPoSftST^n, ^ >^>^C 
s4om/E^Scm^it5 0 ^ >"^>i^Cs4(7)^^/u^^^ 
fK«jBC-SUP tclHl^^n^o ='^T f >"^®iiVc4=0 t 
ftoytfcri-e, SO 5 ^^^^^— KDs3 t DR3a>2g 
i§U ^mWXSUPomat I 0 (4, CSUP->DR2->Ds2-* 
Ds3^DR3^CSUP(OS^r'ac^^ £ 5 ic&So r 

[0 0 5 3] ^T-S3 t S4 a^>LTl>£#tflga>£>, 
50 SU«ai^S4 a^^L, ^^-S2 a* =»> 



-6- 




77 

? W C s2col|JE V c2\z. J: o T #4 K DsltfM'^ 
T*£H, KflcttflUO \± s CSUP->DR2->Cs2->S2 -* 
Ds3->DR3-*CSUPojftKT-aEix*J:5fC35:So SK, = 
>-7 f ^Cs2^mjEVc2^««ElO tftil, *tf>^ 

c2=0 ktt-Dtck Wtf;*^^:*-— KDs2# 

i*«U S«««CSUPO«« I 0 J*, CSUP-»DR2->Ds2 
^Ds3^DR3^CSUPoS&T**h,£ <fc 9 - <D 

So 

[0 0 5 4] ^(^3 l^A-fcti^-f 
(+) . (0) , (-) (Om*tBBES:»*i-5*s. 
(+) *—Yt*t> (-) Ki£ifflS*{fc1-5 r t tefc 
*o*v\ -a, (o) m**— Kt*tr«ftnj: 

?K$«-rs 0 ( + ) Kd»fe (0) ^— Kic^bf 
Si: t^^^>x>1^Cs3tfS#cmu (0) ^e— Kd» 
(-) Ktc^k-rsirt^^-^^^x^Cs^s 
Sc«U (-) (0) Wc»b-f-5i:# 

j*^=:^:^Cs2asjSfc«U (0) ^e— Kj&»6 
(+) ^— KtcaEfk-r^^^^^^vx^f-CsldSBc 

SB 10 olfiifioa v^^coijcWNpHSr^JtUT* 

too55] in 2 te*&m<Dmffimm$mQs\}?<DMti£#) 

4*lt«o«fi!tBISr*i-o itt*£«*«CSUPH:, 
SAC, feA=i Vy<— >SS. BlSft y/^ h/M_ 

0, ««EtfetH*CTO , ««R36*VP. Jfc««C0 amm 
^SJ^MffilllSSGOCSJ^^tW&tBSfJfflJlHlKPHC "efftjSS 
*XT^S 0 r^iE«c^m«MC-SUP <D»f££Ki3Ji 

[0056] mm=*^s<— *ss& zm&m&w.mc&& 
[0057] *-t\ «atttta«icTo icj; t)H^msfc 10 

SrtfcttlU itlft^CO {cA^-f"5o lttt*C0 »R«SK 
^fflfitlO tKacK^SVP^^oWSttK^ttiO * tit 
ttU <H^ £ 0 = 10 * - 10 £##>S 0 DMHtcO f* 
WJ»tt«lHlBGO(S)lcJ: flifBSix, ffiffi«J»Is]KPHC 
KSEEfB^eO bLX-S-Z-btlZo tt*B»J»lH]|ISPHCtt 

U ^Mffiftft a = c os-'eO £ *S £ 5 fcftMWStb 
So *SScottj*j«EV0 fi^M®J£(7)||^} 

fivs ^Bitia^mtaffifta-eftss^ sea©* sua 
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So 

[0 0 5 8] VO = k ♦ Vs • c o s a 

Whs VO f*mR«J£*g<fr« e 0 lCJt«Lfc«[i:ft«. 

eO dSjE^ttffiffiftali, 0° ^a^9 0° fcfctK 
tti^mJEVO fcjEOKfcftS. eO &&<D't£CL 

*B:Sate> 90° ^a<18 0° fcftO, ffi^mjEVO 

5. vo ds*eoffi<ot#H s^jttxasmw 

[0059] 10* > I o <S^ £ 0 telEOif £ 

it. Efifcfaffi I 0 ^it^-to iS?{C, I 0 * < I 0 tfto 

s^io »>$t5o ^(DXv^Lxmmmmio 

0 * ^-^icta z tizxty mmmm. i o 

20 [0 0 6 0] Hl^>Kfl(crODEX£«XfllCSUP«rA^ 

SS-^LO -»DR2-»ps2->Ds3-»DR3-*SSOftK"Cj5tt^X 
So WJctaS^J: ^^S2 , S3 

yit^5W^, ^S3 ^t7L, *^S1 tJi^ 

J*— KDsl, Ds2Rt5l§I*ffl^3f— KDR2*Sj»/<-r 

r^^tL, iESftm^io tt, ss-^lo -^drhcshs 

1 -»S2 ^Ds3->DR3-^SScoSS§tc^tLS 0 rco^rt, 
50 ^*t-^<^^7 :r >i^Cs1(^mi£Vc1icJ:o-Cil:Sfca^ I 0 

[0 0 6 i]ffio*-KtR*(:, «*^0>;* 
^^^co^^yw^^^mM^CSUP^^" LTS5«E«WAC^ 

40 [0 0 6 2] Vd1-Vd3HB:«E«*, LA1, LA2 

liiMMry-Kyr^ h/K si -s6 \im*. 

D1 -D6 tt»a^-f3j— K, Dc1-Dc4li^7^ 
?<<1t—Y. Cs1 — Cs6fi^^-^^=r Vr"^-^, Ds1-D 
s6Ji^^/<^^— K, EA1, EA2Ji^«JEH, DA1, 
DA2HT / — Ky 7^ h/uWJE^^^^ffl^-f ^— K, 
DR1-DR6tiIll^^^— K, CSUPttii:«3e«8BR-e 

[0 0 6 3] ^S1 - 

S6 3ftS3fli"o^>-j-So HP^, l!CffimMmJE^Vd1 = 
5(7 vd2= vd3= vd /3 £ u vd /2*m&<n*¥& (* 
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13 

«JBE) b LT%^/;i^, >fy/WOffl*«SVu 
J*, 

£S2 £S3 dS^VCO^F, Vu = + Vd /2 

*-?-S2 £S3 tS4 &*XDtif, Vu = + Vd /6 

m+SS bSA £S5 tfS;*->cDB#, Vu = -Vd /6 

^S4 £S5 £S6 &*><Di$* Vu = -Vd /2 

i:65o m*&4msi±.mmz*^i-z>t, mums* 

fi-U KlfS:«LtL4 5 0 Ski-, 3B^S1 b S4 JS 
a»^S:*-&, *^S2 £S5 liaMbfls* 

[0 0 6 4] §R^S2 * S3 fc S4 dStVLW, *w 
m%lu oirSHcB8«&<ttl*iB^-UO«JEVu 12*^ 
>"?my4yt— KDd, Dc3Sr^L-Cit:«(E««<DVdia: 
Vd20^^omffiiC^7>^ , $tt^o *^S3 
£S4 tS5^Lfc», u (0#ftKBM8 

ft<W*«HHJ©«JEEVu li^^y^ffl^t-KDc 
2, Dc4^LTilC«t««OVd2tVd3<^»«^«E 
fC^^SaxSo 

[0 0 6 5] T J — K!) 7^ h A' L A1 , LA2(i^^-Sl 
~S6 OV>"fnA^s^->LfcWPO«»E3C{b* (di/d 
t) Sr«ix.*«BS:1-5. X, ^>Td— KDA1. DA23o 
J:t5^«E«EA1, EA2HT/ — kjj T * h^LAI, L 

[0066] m^s m3<D&m<D*-rs<=.*/\s*r<Dm£. 

=i >?>*)-Cs\ b Cs5£ Cs6«cfiig^(^aitt*c«tn^ix 
&j (vd/3) comJE^^D^ttr^^ 0 rco^t, jg 

*^«^^CSUPcDm^ I 0 I*. CSUP->DR3->Ds3->Ds4 
^DR4->CSUPO&&T*ifaft,T ^5. 

[0 0 6 7 ] *?-S4 j&S^U S^f-SI 

^^V-^Csl^miE^ctoT^^-— KDs 
1, Ds2, Ds3, DR2, DR3#ig^-f r * Six, ««c I 0 

tt, CSUP->DR1-»Cs1->Sl ->S2 -^S3 ->Ds4->DR 

[0 0 6 8] ^^x^CslO^JEVcl^jc^^^T 
A TO =Vc1 • Cs1/ I 0 

Vc1=2,000 v, Cs =6 M F, 1 0 =200 AbLtcm 
£\ A TO =60 usee b?£Z> 0 

[0 0 6 9] ^^^>i^mjEVc1=0 bteitzbZZ 
T\ WX*?>(*— KDs3, DR3^5#iiL, JgBSESKCSUP 
©1110 (i, CSUP->DR3->Ds3->Ds4-*DR4-»CSUP(£> 

7LttJ:Ptt»:4oT^5, ^^S1 b LTii, A 
TO =60/xsec eoft'>^v«FlHS:««i-ixtf < tv\ 
[0070] 5R^-S1 £ S2 £ S3 ^ytti^i: 
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St^S4 £S5 £S6 ii^^T\ ^t/^yfyf 
Cs4— cs6(c:mffi3&sH3JraS*x-cv^ 0 rwRlia*?,, n 

^-^Cs4omjEVc4tC iot^ KDs4^i3?^V T 
*£;*X, H*m«I0 12, CSUP->DR3->Ds3-»S4 -»C 
s4-^DR4-»CSUPojSKT«ti5J:5«-*5o ^ v 

r r ^*^Cs4omJEVc4H3£m^lO T«L, ^O^* 
^=¥tt*«*«CSUP«c:isI4feSix5o = ^>'1>-®JEEVc4 
=0 bteotibZZ'?, WX**-ts<?<<( YlDsAtm 
10 iiU ^mSt^CSUP^m^ I 0 te, CSUP->DR3->Ds3-> 
Ds4^DR4^CSUPcd&&t-«*x5 J: 5 Uitt*. r. 

[0 0 7 1] flfeO^^<=i>7 :r >^Cs2, Cs3, Cs5, 
f*> M^oJ:^{c, ( + vd/2) , (+VdX6) , 

(-vd /6> . (-vd /2) om^mjE^^^-rs 

[0 0 7 2] ( + Vd / 2) K*»6 (+Vd /6) 

(+Vd /6) ^— K*»fe (-Vd /6) ^— KJC»fc 
"T 5 # ^ ^ >"r >-!^ C s5^^ l s (-vd /6) 
Kd»b (- Vd / 2) ^-Klctjt:t5#^t/<n 
^^Cs6dS»mL, (-Vd /2) ^E— Ka»fe (- 
Vd /6) Ktd^ki-^t^^^^^x^CsS^ 
»1L, (-vd /6) ^e— Kd»fc (+vd ye) -e— 
Ktc^bi"5 # =*>7*>-v-c $2i)mmL,. ( + V 
d /6) K*>fc (+vd/2) ^e— Kfc^b-TS* 

ffl*i-*£««aRCSUP<z>««t I 0 coM^ 1 io^yrv 
[0 0 7 3] H4*i*?BWOXtCjSijoj|Jfi«ISr^i-fl|fi8: 

xx+s<^*;\s*®£mm*7fii- 0 vdi-vd4^ 

KSKWK. LA1, LA2fiSffl£S)*Jffiry— KJJ h 

/W, S1 ~S8 Ji*^, D1 —D8 feW&jfJ it — h\ 

^^^V^Vi^, Ds1~Ds8(i^^<^-f it— h\ EA1, 
^0 EA2l±S«flEjBi, DA1, DA2HT J — K V T ? hA-«E 
K, DR1-DR8f±®aE/B*V;*-— 

k> csup«ai[aE*m««T*>6o 

[0 0 7 4] 5U^U^WWCIi, ^^F-SI - 
Vd2=Vd3=Vd4=Vd /4 Vd /2 SrffiSo^ 

vu tt, 

^S1 bS2 tS3 bSA it*><Otif. vu = + Vd 
/2 

50 *^S2 i: S3 £ S4 £ S5 Vu = + Vd 
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- 1 2 3 7 2 8 



/A 



16 



m*S3 tSA tS5 4S6 tfiitlsto^ Vu =0 
S£^S4 t S5 t S6 t SI &*><Dtif y Vu = -Vd 
/A 

^fS5 t S6 t S7 4 S8 &*><D1$ S vu = -Vd 
/2 

[0 0 7 5] *^-s2 4 S3 tSA t S5 ^*>Lfc 
utt^?^fl^*wKDo1, Dc4*#LTBBtmaS[ 
*^S3 4S4 4S5 tS6 #**l,1tt* s AftttflTi 
#4*— KDc2, Dc5£^LTiE^m2£OVd2<bVd3<7) 
[0 0 7 6] n«fc % fH^S4 4S5 fc S6 4S7 
HiEVu tt*?>r«^*^KDc3, Dc6£^LTi£ 

vd3 1 vd4(Dmm&(omi£ic * ? >^ $ tt 5 o 

[0 0 7 7] 7y«K»7^h;HA1, LA2tt»-T-S1 
~S8 OU^i*tL^s^>Lfe«pco«ag^fkfip (d i/d 
t) «r»*5«:@«:-*-5 0 X, tf^Jr — KDA1, DA2*5 
«fctf£«flE«EA1, EA2fi7V — KU 7^ h/l^LAI, L 

[0 0 7 8] IU4(O^BO^^^^^ i cO0^ 
»f^SrRWi"5 0 «*tf, *^S2 4 S3 <t S4 4S5 
^>ttVN-5fA (*^S1 4S6 4S7 4S8 1** 

tt, CSUP^DR4^Ds4-^Ds5^DR5->CSUP(DSg§r*^ 

[0 0 7 9] Rfc, *^S5 i£$T7 *^S1 ^> 
"TS^ ^^^CslOSEEJc^oT^^— KDs 
1, Ds2, Ds3, Ds4, DR2, DR3, DR4^/^7^ 
£*V m^IO ti, CSUP-»DRWCs1->S1 ->S2 -»S 
3 -*S4 ^Ds5-»DR5^CSUPtDjg&T-«;ft, x 

[0 0 8 0] a^^CslomEEVcliftSWcftSS-C 
OBWHJATO HafcIO Sr-J&fcfcLfcSte, ftSC© 

A TO =Vc1 - Csl/ 10 

Vc1 = 2,000 v, Cs=6ziF, 1 0 =200 A4 Lfc^i 
£\ A TO =60^ sec 4*5. 
[0 0 8 1 ] ^^>-^mjEVc1=0 4*ofc4^5 



/0 



20 



30 



40 



10 CSUP-^DR4^Ds4^Ds5-^DR5^CSUPcDSg§T* 

*>J:V^SSfC*oT^5 e *-fS1 i LTIi, AT0 = 
60/i sec ^*^^->«Pll(ISr««+ixtf J:v\ 
[0 0 8 2] *^S1 4S2 4 S3 4S4 WytT^ 
54£, m^S5 4S6 4S7 4S8 fi^^T, 
^ ^-T C s5— C s8tcm£E^^o £ ftTl^ 6o 
ffi^fe. St^*^S1 ^^u, ^S5 &*>Ltzm 
= 3 ^T f >f"Cs5otaEVc5^ ( toTy-f KDs5 

^aj^r^sn, ic*m^ io csup->dr4^d S 4 

->S5 ^Cs5->DR5-*CSUPcoS^T^tt-5 i 

L, -to^^^r«^«fltSCSUP«3i|Hl±S*b6. 
>-^mi£Vc5=0 4^o/t4d5T% S^t/^^t 

— KD853ftswau, ^m^Mcsupom^ i o ia % csup-^ 

DR4--»Ds4-»Ds5^DR5->CSUP£^SSST^tL'5 J: 5 (c^ 
5o rco^ s ^o-cfc*^s5 fe*7LttJ;v>*»: 

4, Cs6, Cs7, Cs8©*«tW*jctTfe*L, ^ttb^ 

[0 0 8 3] ZCD5 U^</umtl^ T^±. wJ&<D 

«t5t-, (+Vd/2), (+Vd/4) , (0), 
(-Vd /4) , (-Vd /2) com^mEE^^^S 

[0 0 8 4] ( + Vd/2) K*»b (+Vd/4) 

(+vd /4) k*»6 (0) Kfc«M-5*x 
^=i^^Cs6^«cmL, (-vd/6) — K^* 
(-vd/2) K(^bi-5#^^=j^>f. 
Cs6^mt, (o) ^~ K*»fe hvd/4) ^e— K 
i^it-f % # c $1 ^ m L ^ ( _ vd 

/4) ^— Kd»fe (-vd/2) ^e— Kfc£fM-s#* 

£ (-vd/4) -e— K^{b-r-5#^^<n>^vf- 
Cs4^Scmt, (-vd /A) zt—Yfrt) (o) -e— K 
l^fbt 5 1 ^ t/^ ^ >r >f Cs3^M U (0) * 
— K*>& (+vd/^4) ^— Ktc^bi-St^-^/^v 
7 ? >^Cs2^ ffiL , (+Vd/4) K*»6 (+v 
d/2) ^e— KJcKfki-Sffc^^n^^csl^lS 

s8fil<@To^S;-r5fc:^, AA^5^«j»gRCSUP^« 

at io ^fiiiifiori^^oactti^ia^fltt-c^ 

[0 0 8 5] 6 U^^ttJ^aJbo^^— ^^ 0 ^ Tt 

^sc«®«£ji^«*aicsup^^o— mmmio t*o. 
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[ 0 0 8 6 J K±tt^ * 1 (uffl) Ko^T 

[0 0 8 7] 

3 V"</WBA«±>r WWTt 1 oo^ilitl* 
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IH2] [01] o^^oi*^*IBflatjl©»tJMI 

[0 3] *»W<Z>^^<^/U*liI*«|l©»J(Dj|lt« 

[04] ^a^w^^aL^/u^iii^ii^Hicai]©* 
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DR1-DR6 
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I ^ Io* 'Co 1 



Vd2 N + 



Di 



Si 
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-*V, W4B\ 



Rsi 



~r — 



DZ X Sz Dszl JL_ 

^f_2 l I ft* 2 



1 
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LOAD-U 
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Ui-| 
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D s c. 



52 
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S3 
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(12) 



¥fffl¥-7 - 1 2 3 7 2 8 



© 
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0- 



[03] 



Ul li-o, 



Di I Si 
— EH = v 1 ^ 3 1 — 

_ __ b2__ v 1 



D 3 



, DC3 ^ 



Dc4 



D6 



S6 



)A1 



f* © U 



LA2- 



-^4 
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2L-DA2 



CSUP 



V DR6 
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